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LQGLFDWHG WKDW D WRRO ZLWK D VKDUSHU QRVH UDGLXV FRXOG PDNH
83&7PRUHVWDEOHDQGUHGXFHVXEVXUIDFHGDPDJH>@,QWKLV
VWXG\ D WRROZLWK DPXFK VPDOOHU QRVH UDGLXVZDV XVHG DQG
WKH LQIOXHQFH RQ WKH VXEVXUIDFH GDPDJH ZDV IXUWKHU
LQYHVWLJDWHGLQWHUPVRIQRVHUDGLXVDQGFU\VWDODQLVRWURS\

1RPHQFODWXUH
IIHHGSHUUHYROXWLRQ>PPUHY@
5QRVHUDGLXV>PP@
DSGHSWKRIFXW>QP@J UDNHDQJOH>@
O WRROFRQWDFWOHQJWK >PP@

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 3rd CIRP Conference on Surface Integrity (CIRP CSI)
140   Yuta Mizumoto et al. /  Procedia CIRP  45 ( 2016 )  139 – 142 

([SHULPHQWDOVHWXSDQGSURFHGXUH
83&7 RI &D) ZDV SHUIRUPHG E\ WKH XOWUDSUHFLVLRQ
DVSKHULFVXUIDFHPDFKLQH WRRO 8/*(7RVKLED0DFKLQH
&R /WG &RQLFDO &D) ZRUNSLHFHV ZLWK VPDOO F\OLQGULFDO
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LQYHVWLJDWHG,QWKLVVWXG\WKHFXWWLQJSHUIRUPDQFHRI7RRO
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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LQIOXHQFHG E\ WKH 83&7 5HJLRQ % DQG & VKRZ WKH FU\VWDO
OD\HU ZLWK GLIIHUHQW FU\VWDO RULHQWDWLRQV IURP WKH RULJLQDO
FU\VWDOSODQH%HFDXVHRI WKHGHIRUPDWLRQRI WKHVLQJOH
FU\VWDOOD\HUVE\83&7UHJLRQV%DQG&ZHUHFUHDWHG,QWKLV
VWXG\ UHJLRQV% DQG&ZHUH GHILQHG DV VXEVXUIDFH GDPDJH
DQGWKHVXEVXUIDFHGDPDJHGHSWKZDVPHDVXUHG,Q)LJF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LQYHUVH))7,))7DQDO\VHVZHUHDSSOLHGWRWKH))7DQDO\VHV
RI WKH 7(0 LPDJHV LQ RUGHU WR REVHUYH WKH FU\VWDO ODWWLFH
DUUDQJHPHQW ZLWKRXW WKH ORZ IUHTXHQF\ FRPSRQHQWV RI WKH
7(0 LPDJHV 7KH H[SHULPHQWDO UHVXOWV LQGLFDWHG WKDW
GHIRUPHG GLUHFWLRQV RI WKH FU\VWDO ODWWLFH DUUDQJHPHQW RI
UHJLRQV % DQG & ZHUH FRUUHVSRQGLQJ WR WKH GLUHFWLRQ RI WKH
VOLS V\VWHPV  >@ DQG  >@ >@ DQG VOLS
V\VWHP FRXOG EH D PDLQ IDFWRU IRU RFFXUUHQFH RI VXEVXUIDFH
GDPDJH

D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,))7DQDO\VHVRIUHJLRQV$%DQG&ZLWKRXWORZIUHTXHQF\FRPSRQHQWV
)LJ(YDOXDWLRQPHWKRGRIVXEVXUIDFHGDPDJHRIPDFKLQHGVXUIDFH
5HODWLRQEHWZHHQDQLVRWURS\DQGGDPDJHGHSWK
6XEVXUIDFHGDPDJHDWSRLQWV D WR IZDV LQYHVWLJDWHG IURP
WKH SHUVSHFWLYH RI FU\VWDO DQLVRWURS\ 6XEVXUIDFH GDPDJH
GHSWK ZDV PHDVXUHG E\  WLPHV DQG WKH HUURU EDU VKRZV
PD[LPXPDQGPLQLPXPYDOXHVLQ)LJ$VVKRZQLQ)LJ
WKH VXEVXUIDFH GDPDJH GLIIHUHG DFFRUGLQJ WR WKH REVHUYDWLRQ
SRLQWV FRPSDUHG WR WKH VXUIDFH URXJKQHVV )LJ  VKRZV WKH
7(0PLFURJUDSKRISRLQWD$V VKRZQ LQ)LJRQO\ZKHQ
WKH VXUIDFH RI SRLQW D ZDV PDFKLQHG WKH FXWWLQJ GLUHFWLRQ
FRUUHVSRQGHGWRZKLFKKDVVOLSV\VWHPVRI>@
DQG  >@+HQFHRFFXUUHQFHRIGLVORFDWLRQDORQJ WKH
FXWWLQJ GLUHFWLRQ LQ WKH VXEVXUIDFH ZDV HDVLHU DQG WKH
VXEVXUIDFH GDPDJH GHSWK ZDV VKDOORZHU FRPSDUHG WR RWKHU
PDFKLQHGVXUIDFHV,QWKH83&7RI&D)ZLWKHQGIDFH
VXUIDFH URXJKQHVV GLG QRW FKDQJH EHFDXVH FOHDYDJH ZDV
SUHYHQWHG 5HJDUGLQJ VXEVXUIDFH GDPDJH VOLS V\VWHP ZDV D
GRPLQDQWIDFWRUIRUVXEVXUIDFHGDPDJHGHSWKZKLFKLQGLFDWHG
WKDW VXEVXUIDFH GDPDJH ZDV LQIOXHQFHG PRUH E\ FU\VWDO
DQLVRWURS\

)LJ,QIOXHQFHRIFU\VWDODQLVRWURS\RQVXEVXUIDFHGDPDJHGHSWK
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)LJ&U\VWDOORJUDSKLFLPDJHVRIPDFKLQHGF\OLQGULFDOVXUIDFHVZLWKHQG
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IRUSRLQWVDWRI
,QIOXHQFHRIWKHWRROVKDSH
)LJXUHDEDQGFVKRZWKH7(0PLFURJUDSKVRIWKH
PDFKLQHG VXUIDFH DW SRLQW D ZLWK WRROV   DQG  7KH
VXEVXUIDFH GDPDJH GHSWK ZLWK WRRO  ZDV VKDOORZHU
FRPSDUHGWRWRRODQGWRRO7RROFRQWDFWOHQJWKZKLFKLV
VKRZQLQ)LJLVJLYHQE\(TXDWLRQ
7KH WRRO FRQWDFW OHQJWKV ZHUH PP 7RRO  PP
7RRODQGPP7RRO$GHFUHDVHLQWKHWRROFRQWDFW
OHQJWK ZKLFK LQIOXHQFHV RQ SODVWLF GHIRUPDWLRQ UHJLRQ ZDV
UHGXFHG7KHUHIRUH WKLV LQGLFDWHG WKDW D GHFUHDVH LQ WKH WRRO
FRQWDFWOHQJWKUHGXFHGWKHVXEVXUIDFHGDPDJHGHSWK

)LJ6XEVXUIDFHGDPDJHZLWKWRRODQG

)LJ&KDUDFWHUL]DWLRQRIWRROFRQWDFWOHQJWKLQF\OLQGULFDOWXUQLQJ
&RQFOXVLRQ
)RU WKH SURGXFWLRQ RI &D) RSWLFDO PLFURUHVRQDWRUV WKH
LQIOXHQFHRIQRVHUDGLXVRQWKHVXEVXUIDFHTXDOLW\LQ83&7RI
VLQJOHFU\VWDO &D) ZDV H[SHULPHQWDOO\ LQYHVWLJDWHG 7KH
IROORZLQJUHVXOWVZHUHREWDLQHG
:LWKWRRODVXUIDFHURXJKQHVV6DRIOHVVWKDQQP
ZDV REWDLQHGZLWKRXW IRUPDWLRQ RI DQ\ FUDFNV&RPSDUHG WR
WRRODQGWRRODVKDUSHUQRVHUDGLXVGLGQRWLQIOXHQFHWKH
VXUIDFH URXJKQHVV ZKHQ WKH HQG IDFH ZDV VHW DV WKH 
SODQH
)URPWKH7(0REVHUYDWLRQWKHVXEVXUIDFHOD\HUVZHUH
FODVVLILHGLQWRDVLQJOHFU\VWDOOD\HUZKLFKZDVQRWLQIOXHQFHG
E\ F\OLQGULFDO WXUQLQJ DQG D GHIRUPHG OD\HU )URP WKH
GHIRUPHGOD\HULWZDVLQGLFDWHGWKDWGLVORFDWLRQLQVXEVXUIDFH
RFFXUUHGLQWKHGLUHFWLRQRIVOLSV\VWHP
 &RPSDUHG WR WKH UHVXOWV RI VXUIDFH URXJKQHVV
VXEVXUIDFH GDPDJH GHSWK RQ WKH F\OLQGULFDO VXUIDFH YDULHG
DFFRUGLQJWRWKHFU\VWDOSODQH7KLVLQGLFDWHGWKDWVOLSV\VWHP
ZDV D GRPLQDQW IDFWRU LQ VXEVXUIDFH GDPDJH DQG ZKHQ WKH
FXWWLQJ GLUHFWLRQ FRUUHVSRQGHG WR WKH VOLS SODQH VXEVXUIDFH
GDPDJH ZDV VKDOORZ ,Q DGGLWLRQ VXEVXUIDFH GDPDJH ZDV
UHGXFHGE\ XVLQJ WRRO EHFDXVH WRRO FRQWDFW OHQJWKZKLFK
LQIOXHQFHVRQSODVWLFGHIRUPDWLRQZDVVKRUWHQHG
)URP WKHVH UHVXOWV LW LV VKRZQ WKDW VXEVXUIDFH GDPDJH
H[LVWV DURXQG WKH ZKROH ZRUNSLHFH ,Q IXWXUH ZRUN UHODWLRQ
EHWZHHQ VXEVXUIDFH GDPDJH DQG SHUIRUPDQFH RI PLFUR
UHVRQDWRUVZLOOEHLQYHVWLJDWHG
$FNQRZOHGJHPHQWV
7KLV VWXG\ ZDV SDUWLDOO\ VXSSRUWHG E\ .HLR 8QLYHUVLW\
'RFWRUDWH6WXGHQW*UDQWLQ$LG3URJUDP7KHDXWKRUVZRXOG
OLNHWRH[SUHVVWKHLUVLQFHUHDSSUHFLDWLRQIRUWKHVXSSRUW
5HIHUHQFHV
>@ 7DQDEH 71RWRPL0.XUDPRFKL ( 6KLQ\D$ 7DQL\DPD+ 7UDSSLQJ
DQG 'HOD\LQJ 3KRWRQV IRU 2QH 1DQRVHFRQG LQ DQ 8OWUDVPDOO +LJK4
3KRWRQLFFU\VWDO1DQRFDYLW\1DWXUH3KRWRQLFVS±
>@ 6DYFKHQNRY $$ ,OFKHQNR 96 0DWVNR $% 0DOHNL / .LORKHUW]
2SWLFDO 5HVRQDQFHV LQ 'LHOHFWULF &U\VWDO &DYLWLHV 3K\VLFDO 5HYLHZ $
5
>@0RW]HU&5HLFKOLQJ0+LJK UHVROXWLRQ VWXG\ RI HWFK ILJXUHV RQ&D)
-RXUQDORI$SSOLHG3K\VLFV
>@*UXGLQLQ,60DWVNR$%6DYFKHQNRY$$6WUHNDORY',OFKHQNR96
0DOHNL/8OWUDKLJK4&U\VWDOOLQH0LFURFDYLWLHV2SWLFV&RPPXQLFDWLRQV
S±
>@ $]DPL 6 .XGR + 0L]XPRWR < 7DQDEH 7 <DQ - .DNLQXPD <
([SHULPHQWDO 6WXG\ RI &U\VWDO $QLVRWURS\ EDVHG RQ 8OWUDSUHFLVLRQ
&\OLQGULFDO 7XUQLQJ RI 6LQJOHFU\VWDO &DOFLXP )OXRULGH 3UHFLVLRQ
(QJLQHHULQJS
>@ .DNLQXPD < $]DPL 6 7DQDEH 7 (YDOXDWLRQ RI VXEVXUIDFH GDPDJH
FDXVHG E\ XOWUDSUHFLVLRQ WXUQLQJ LQ IDEULFDWLRQ RI &D) RSWLFDO PLFUR
UHVRQDWRU&,53$QQDOV9ROXPHQ,VVXHS
>@0XQR]$'RPLQJXH]URGULJXH]$&DVWDLQJ - 6OLS V\VWHPV DQGSODVWLF
DQLVRWURS\ LQ&D) -RXUQDO RI0DWHULDOV 6FLHQFH9ROXPH  ,VVXH 
S
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